@ https://ntrs.nasa.gov/search.jsp?R=20180004229 2019-04-29T09:00:29+00:00Z

@ Gt dod

EEEEEEEEEEEEEEEEE

Multi-Layer RF Tissue Phantoms for
Mimicking a
Human Core

Dr. Quenton Bonds
NASA GSFC
Microwave Instruments and Technology Branch

Dr. Thomas Weller
Electrical Engineering

University of South Florida

Bob Roeder, Paul Herzig
Network Centric Systems

NASA Harriett G. Jenkins

Raytheon
navﬂ'm““ y Predoctoral Fellowship Program (JPFP)



http://images.google.com/imgres?imgurl=http://www.californiaspaceauthority.org/spacebound-04-v15/images/raytheon-logo.gif&imgrefurl=http://www.californiaspaceauthority.org/spaceweekdc2009/registration.html&usg=__AZJ0K9Uakb1AWiD1Ih4ZG4hbArA=&h=174&w=300&sz=3&hl=en&start=5&um=1&tbnid=oFmPvtttNrvDMM:&tbnh=67&tbnw=116&prev=/images?q=Raytheon+Logo&hl=en&um=1
http://images.google.com/imgres?imgurl=http://www.californiaspaceauthority.org/spacebound-04-v15/images/raytheon-logo.gif&imgrefurl=http://www.californiaspaceauthority.org/spaceweekdc2009/registration.html&usg=__AZJ0K9Uakb1AWiD1Ih4ZG4hbArA=&h=174&w=300&sz=3&hl=en&start=5&um=1&tbnid=oFmPvtttNrvDMM:&tbnh=67&tbnw=116&prev=/images?q=Raytheon+Logo&hl=en&um=1
http://216.15.33.202/jenkins/about/
http://216.15.33.202/jenkins/about/

On-Body Sensing

Current Applications

e Microwave Imaging
 Cancer Detection

e Blood Glucose Monitoring
* Neurology

 Urology




Challenges @ Grtdano

Objective: Develop a measurement test bed with electrical and physical properties analogous
to the human body to test a Microwave Radiometer for Biomedical Sensing (MRBS).

 Sensor Design
» Miniaturization
* Internal Calibration
« Antenna Design

o Antenna-Body Effects
* Resonance Shifts

 Bandwidth Reduction
e Perspiration <> AZ,

e ATy, <> Measurement Uncertainty

e Measurement Test Bed
* Microwave Radiometer for Biomedical Sensing (MRBS)
e Good Model of Human Body



EM Propagation Through Tissue

EM Propagation Through Human Tissue
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e — Emissivity of the layer

Q — Brightness temperature jut below the surface 7 — Depth of the volume

T — Physical temperature of the layer

L — Loss in the layer

Challenge: Single layer phantoms do not accurate model the electromagnetic characteristics

of the human body and therefore can impede sensor design validation.



The Human Core Model

Comprised of Multi-Layer Tissue Mimicking Materials

Layer 3. Skin Phantom

Layer 1. Core:
Blood-Fatty Tissue
Phantom




Blood Phantom Recipe

e SPACE FLIGHT CENTER

TR
Heat water to Add sugar Continue to boil the solution Add HEC. Reduce heat, and
boiling point. and salt. until the compounds continue stirring until the
are dissolved. compound is dissolved.

The sample is now prepared for characterization.




Hybrid Skin/Muscle Phantom Recipe

Heat water to Add TX-151. Knead the solution until Let the phantom dry Using a sharp object,
boiling point. “all” TX-151 particles until a thin white film scrape off a thin (skin)
are shaped into a single covers the surface of layer on one face.
solid form. the phantom.

The Sample IS NOW prepared for characterization.
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Skin Tissue Phantom Characterization
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Results very similar to that of the Garbiel Model



Muscle Tissue Phantom Characterization
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Results very similar to that of the Garbiel Model
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Blood-Fatty Tissue Phantom Characterization
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Results very similar to that of the Garbiel Model




Hybrid Skin/Muscle Phantom

5% 55 mm >

I —2mm

7—8 mm




Enhanced Measurement Test Bed

The Enhanced Measurement Test Bed enables more accurate modeling of the physiological
characteristics of the human body and other human body effects.

Human Core Phantom Has Electrical & Physical Properties Analogous to a Human core
o Skin 1 mm-2mm
e Muscle 7 mm -8 mm
e Core 40 mm

Core Body Temperature Changes Simulated
» Change Blood Phantom Temperature
e 107°F - 93°F
» Sensor Tracks Electrical and Physical Properties

Radiometer or Similar Sensor Tracks the Electrical Prop:
Data Logger

Thermometer

Physical temp tracked

e T4 Skin Surface
e T1-T3 Core

¢ 35 mm beneath skin

e 22 mm beneath muscle. @/ rM
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Conclusion

* Hybrid Skin-Muscle Phantom Developed

» First know skin-muscle phantom with electrical and physical properties similar to the human body
* The development recipe has been presented
* Phantom results match the literature and Grabriel Model very well

* Blood Phantom Developed

* Results are also in close agreement to the literature and Grabriel Model
» The development recipe has been presented

» Enables the simulation of core body temperature changes

 Human Core Model Developed

* By combining the Skin-Muscle and Blood phantoms, we can simulate the sensor main probing region
» Other physiological properties of the body can be simulated and tracked

» These materials can be easily manipulated to model other regions of the body and therefore can be used with essentially any RF sensor within the

1GHz - 2GHz frequency range.
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